Abstract. Traffic jams are a common phenomenon in Indonesia's big cities due to the proliferation of private vehicles. The resulting air pollution directly threatens public health and urban quality of life. This research is to identify and analyze air pollution levels and forecast the potential to improve air quality by developing mass public transportation. This research employs the dust sampler method to measure the air pollution levels and calculate traffic volume, while the simulation method is used to analyze the data. The results show that the air pollution levels detected exceed the air quality thresholds established by regulations in the Decision by the Minister of Health and Environment. Traffic jam levels indicated by the Degree of Saturation (SD) were determined to be, on average, > 0.75. The simulation results show that by changing modes of transportation traffic jam levels decrease, ranging from 0.2201 to 0.291(DS), and air pollution decreases. Specifically, nitrogen oxides (NOx) are reduced by 48.19 %; sulfur dioxide (SO2) is reduced by 51.77 %; particulate matter (PM) is reduced by 29.86%; lead (Pb) is reduced by 52.22%; and carbon monoxide (CO) is reduced by 52.15%. This research suggests the mass public transportation planning should be implemented.
Introduction
Traffic jams have become a common phenomenon in Indonesia's largest cities, resulting in elevated levels of air pollution that decrease air quality and have a detrimental effect on quality of life for the inhabitants [2, 3, 6, 11] . Research on the correlation between air pollution and modes of transportation was conducted in five big city areas in Indonesia, including Semarang, Surabaya, Medan, Jakarta, and Bandung [12] . The research shows that 70% of the air pollution comes from the transportation sector, in particular caused by the use of private vehicles which greatly exceed the number of mass transit vehicles [1, 6] . Traffic congestion not only degrades air quality, which negatively impacts health [5, 8, 10] , but also contributes to driver frustration and stress [6] . The goals of this research are: 1) identify the sources and levels of air pollution detected in the research areas; 2) analyze modifications to mass public transportation in relationship to city characteristics; and 3) examine the effects of transportation modifications on diminished air quality, that is, where air pollution has exceeded the air quality gold standard limits (threshold). This research employs a dust sampler to measure the air pollution level and calculate traffic volume, while the simulation model is utilized to analyze the data. Some previous research includes a study conducted by Wibowo [14] on air pollution emitted from vehicles entitled "Pencemaran Udara Akibat Emisi Gas Buang Kendaraan Bermotor" (Air Pollution Resulted from the Vehicles' Exhaust Gas Emission) discuss one substance released by the vehicles' combustion, that is, carbon dioxide gas (CO2), which negatively impacts climate change and human life. In addition, research [5, 8, 10] on gas dispersal patterns of nitrogen dioxide (NO 2 ) in the northern part of Semarang city which studied the area's ambient air quality was conducted due to the dangerous effects of NO 2 on human health such as respiratory disorders [5, 8, and 10] . These research results include three pertinent factors. First, the amount of NO 2 was determined to equal 0.001445 ton/year. The transportation sector was the source of the majority of the NO 2 emissions (91.68%), followed by the industrial sector (8.31%), and finally the domestic sector (0.01%). Second, the conversion program simulation results show that the constant is 0.0881. Third, the highest ambient concentration of NO 2 , approximately 300 µg/m 3 , was detected in the Tambakrejo area. This concentration is deemed unsafe for human health since it exceeds the gold standard limits for air quality which is 150 µg/m 3 [5] . Based on the findings of these three studies, the researchers developed a method to explore if it would be possible to significantly reduce air pollution levels by exchanging small capacity vehicles, such as motorcycles and private cars, for larger capacity mass public transportation, such as the Rapid Transit Bus (in Indonesia known as BRT). The conclusion was that increased use of mass transportation instead of private vehicles will not only decrease pollution levels, but also reduce traffic congestion and gridlock. It is hoped that this study of air pollution levels may provide assistance to the Semarang City government in order to make and implement urban transportation plans, ultimately resulting in an environmentally-friendly city.
Research method
This research employed the Dust Sampler method to directly measure the air pollution in three research locations: location 1 in Ngesrep, location 2 in Sumurboto, and location 3 in Srondol. The initial samples were taken in Ngesrep because the traffic flows from the city's outlying areas into downtown, connecting residential areas with Diponegoro University. The air pollution measurement is compared with traffic volume calculations and observations of the number of vehicles passing through those three research locations. The research analytical method is conducted by simulating changes in transportation modes, with some scenarios assuming movements from private vehicles such as motorcycles and cars to big buses with the capacity of 100 passengers based on the results of the research phase presented in Figure 1 . 
General description of Semarang city
Semarang is the capital city of Central Java, on the North Coast Road which connects the city to West and East Java, and linked to Surakarta and Jogjakarta in the south. With this convenient highway access as well as a port and harbor at Tanjung Emas, Semarang has become a busy industrial city with a strategic trading sector. Semarang covers 373.7 km 2 and is located at latitude 6°58'0" South and longitude 110°25'0" East. Semarang's eastern area consists of lowlands with a ground slope of ranging from 0% to 2%, where it borders the Java Sea. Meanwhile, the southern sector consists of mountainous areas, and the ground slope varies from 2% to -4%. With its geographical advantages, it is not surprising that Semarang has developed into an industrial and trading city, but because of its public and An analysis on air pollution due to the mass public transportation pattern changes
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Traffic description at research locations
Since Semarang is a booming trade and industrial city which creates opportunities for a great many employees, Semarang attracts an influx of people carrying out a wide variety of activities, which in turn results in significant increases in traffic volume. As people's needs for mobility all coincide at peak times, traffic jams are seemingly unavoidable. Consequently, exhaust gas emissions of vehicles stuck in gridlock may contribute more to pollution levels than those emitted by moving vehicles. Based on the observation points, the vehicle traffic in Semarang City, especially in Jl. Setiabudi and Jl. Ngesrep Timur, can be categorized as extremely heavy because these two roads provide the main access from the Southern areas to the central city and residential areas around Tembalang and the Diponegoro University campus. Traffic observations were conducted at 3 observation points: observation point 1 was located at Jl. Setiabudi in front of Toko Ada (Ada Shopping Centre) leading to the central city and Ungaran; observation point 2 was located at the Diponegoro Statue three-way junction leading from and to Diponegoro University Campus; and observation point 3 was located at Jl. Setiabudi in the Gombel area. 
Traffic description at Gombel road, Semarang as research location 3
The traffic volume observation results at observation point 3, starting from Jl, Setiabudi (Diponegoro Statue) to Gombel Hill. At the research location 3, traffic conditions in the morning, afternoon and late afternoon are dominated by motorcycles and private vehicles. (b) especially in regard to the CO parameter, has exceeded the ambient air quality standards limit, or in other words, is above the air pollution tolerance standard. The Dust Sampler test observation results are presented in Table 1 and Table 2 . 
Air pollution simulation results due to the mass public transportation changes
The pollution level observation results conducted using the Dust Sampler device show that the current air pollution level exceeds the ambient air quality standards limit. Because traffic has continued to increase year by year, it is obvious that the air pollution level may continue to increase as well. Thus, it is necessary to implement a variety of efforts in order to reduce/slow down the excessive air pollution, especially those pollutants attributed to vehicular exhaust gas emissions. The method used to simulate the air pollution level is through changes or reductions based on the following assumptions: each motorcycle has capacity for 2 passengers; private cars each have 4 passengers; city transport carries 8 passengers; and BRT (Rapid Transit Bus) has capacity for 100 passengers. The total passengers in each vehicle are based on the previous observations, while those of BRT are determined based on vehicles commonly used in the areas of the city where it is necessary/desirable to decrease or reduce the air pollution level. The simulation is conducted with multiple scenarios in order to determine the best possible way to reduce air pollution levels and thus successfully reach the ambient air quality standards, below the limits as regulated by the Decision from the Ministry of Health and Environment [7] , and additionally, as a control to measure the Degree of Saturation (DS) on roads. The results are presented in Table 3 .
Description of simulation results
The description of the simulation results showing the potential reduction of pollution levels and traffic jam controls based on those 3 scenarios are presented in Table 3, Table 4 , and Table 5 .
Scenario-1
In Scenario 1, it is assumed that 50% of all motorcycle users will shift to using the mass public transportation/BRT, which has capacity for 100 passengers, and results are presented in Table 3 . 
Scenario-2
In Scenario 2, it is assumed that 60% of all motorcycle users will shift to an alternative mode of transportation. This is further defined by assuming 40% will utilize mass public transportation/BRT with the capacity of 100 passengers while 20% will move to city transport. In addition, trucks are restricted from using the roads as pass-throughs (all trucks prohibited except for local deliveries). The results are presented in Table 4 
Scenario 3
In Scenario 3, it is assumed that 60% of all motorcycle users plus 50% of all private car users will move to mass public transportation/BRT vehicles which each have a capacity of 100 passengers. Based on that assumption, the resulting reductions in the pollution level and the level of control exerted to prevent traffic jams are presented in Table 5 . [4] Based on those 3 scenarios, the analytical results show that the most advantageous model is the simulation analysis for scenario 3, which provides the highest reduction of air pollution levels.
